Objective: Recent studies have demonstrated that angiogenesis is impaired in patients with celiac disease (CD). In this study, we evaluated the levels of the novel antiangiogenic factor pigment epithelium-derived factor (PEDF) in CD patients. Methods: Eighty-four patients were included in the study; 71 patients with CD and 13 healthy controls. In the CD patient cohort, there were 21 newly diagnosed patients, 19 with adherence to a gluten-free diet and 31 practicing no adherence to this diet. The PEDF levels were measured using enzyme-linked immunosorbent assays. Results: The data revealed that celiac patients had higher levels of PEDF than did healthy controls. PEDF levels were not significantly different among the three CD groups. Additionally, the PEDF levels were not correlated with tissue transglutaminase IgA or IgG. Conclusions: Our data indicate that PEDF levels are significantly higher in CD patients than those in the healthy controls. This result suggests that PEDF negatively affects angiogenesis in CD. Although we did not observe any differences of PEDF levels among celiac patients, additional studies including more patients could clarify this issue.
Introduction
Celiac disease (CD) is an immune-mediated enteropathy. Dietary gluten from wheat, rye, and barley triggers the immune system in genetically susceptible individuals and results in villous atrophy, intraepithelial lymphocytes, and crypt hyperplasia [1, 2] . Not all individuals are symptomatic, and in adulthood, most patients are diagnosed incidentally, or they present with extraintestinal symptoms [3] . In recent years, since the clinicians raised their awareness of CD, diagnosis of CD has been increased. However, our knowledge regarding the physiopathology of CD has not increased. The majority of current studies have focused on the phenotype of immune reactions, oxidative stress, and immune system-related cytokines [4] [5] [6] . There is limited information regarding This is an Open Access article licensed under the Creative Commons Attribution-NonCommercial-4.0 International License (CC BY-NC) (http://www.karger.com/Services/OpenAccessLicense), applicable to the online version of the article only. Usage and distribution for commercial purposes requires written permission.
Med Princ Pract 2019;28:236-241 DOI: 10.1159/000497612 the roles of angiogenesis and vascular pathology in CD. Cooke and Holmes [7] demonstrated that vascular architecture is disrupted in individuals with CD. More recently, Myrsky et al. [8] demonstrated that autoantibodies directed to transglutaminase disrupt angiogenesis. These results show that angiogenesis is disrupted and is diminished in CD. However, there is insufficient data to explain the role of angiogenesis in the physiopathology of CD.
Pigment epithelium-derived factor (PEDF) is a protein belonging to the serpin protease inhibitor family. It is commonly expressed in normal tissues and has multifunctional effects including antioxidant, antiangiogenic, anti-inflammatory, and neuroprotective properties [9, 10] . The antiangiogenic function is the leading characteristic feature of this protein, and PEDF has been shown to be the most potent endogenous negative regulator of angiogenesis. PEDF impacts angiogenesis in both healthy tissues and various tumor types [11] and it exerts its biologic effect by inhibiting vascular endothelial growth factor in different ways, resulting in decreased endothelial cell proliferation and tubule formation [12] . PEDF has been investigated in various conditions including myocardial infarction, diabetic nephropathy, and diabetic retinopathy, but there is no information on the role of PEDF in CD [13] . We hypothesized that PEDF may play a role in diminished angiogenesis in patients with CD.
Subjects and Methods

Patient Selection and Study Design
This is a prospective cross-sectional study conducted in Kecioren Training and Research Hospital during January-March 2018. All patients with CD including newly diagnosed and follow-up patients participated in the study based on their recent laboratory parameters. The patients were classified according to their time of diagnosis and consumption of a gluten-free diet (GFD).
(a) Newly diagnosed CD patients: These patients were newly diagnosed based on endoscopic, pathologic, and serologic tests.
(b) CD patients on GFD: These patients were selected from the CD patient pool and their serologic markers were negative. In this group, diagnosis was made at least 1 year previously.
(c) CD patients not on GFD: These patients were not compliant with GFD, and their serologic markers were positive. In this group, diagnosis was made at least 1 year previously.
(d) Control group: The control group consisted of healthy people without CD.
All endoscopic procedures were performed by experienced endoscopists. A duodenal biopsy was performed at least 4 times from different parts of the duodenum for diagnosis of CD. Tissue transglutaminase IgA antibody (IgA anti-tTG) (> 30 U/mL was positive) and tissue transglutaminase IgG antibody (IgG anti-tTG) (> 30 U/mL was positive) were used to support the diagnosis of CD. The patient's GFD compatibility was also used to support the diagnosis of CD.
Assessment of PEDF
Two milliliters of blood was collected from subjects who had read and signed the informed consent form to participate in the study. The samples were collected and centrifuged for 15 min at 2,500 g within a period of 30 min of collection. The blood samples were stored at -80 ° C until the time of analysis. PEDF concentrations were measured using the sandwich enzyme-linked immunosorbent assay (ELISA) (Boster Technology, USA) Biological kit. The intra-assay coefficient for variation for high values was 4.2%. The inter-assay coefficient for variation for high values was 7.4%.
Statistical Analysis
The normality of distribution of continuous variables was tested by the Shapiro-Wilk test. The Mann-Whitney U test was used to compare 2 independent groups, and the Kruskal-Wallis test was used for all pairwise multiple comparison tests to compare more than 2 groups for non-normal data. The χ 2 test was applied to investigate the relationship between 2 categorical variables, and the Spearman rank correlation coefficient was used for numerical variables. All statistical analyses were performed with SPSS for Windows version 24.0, and a p value < 0.05 was accepted as statistically significant.
Results
Eighty-four subjects (71 patients with CD, 13 healthy controls) participated in our study. The mean age of our patients was 39.00 ± 14.31 years, and 76.2% of the patients were female. The most common initial symptom of patients was dyspepsia (45.1%), followed by diarrhea (28.2%) and anemia (21.1%). Two of the seventy-one CD patients had a family history of CD. The median disease duration was 324 months (12-324) except for the newly diagnosed CD patients (Table 1) . As described above, the CD patients were divided into the following three groups: newly diagnosed (n = 21), patients with adherence to GFD (n = 19), and patients with no adherence to GFD (n = 31). The control group and CD groups had an equal gender distribution. In the three CD groups, the gender, initial symptoms, and results of family screening were not significantly different. The laboratory parameters were investigated for the three groups, and no significantly different laboratory parameters were found except for albumin, ferritin, and platelet count. The ferritin levels were significantly lower in the newly diagnosed patients than in the other two groups. Additionally, the platelet count was significantly higher in the newly diagnosed CD patients than in patients not compatible with GFD (Table 2) .
Levels of PEDF were significantly lower in the healthy control group than in CD patients regardless of whether they were newly diagnosed patients (p = 0.001) ( Table 3 ; Fig. 1 ). Levels of PEDF were not significantly different among the three groups, which included 71 CD patients. PEDF levels were not different between the newly diagnosed patients and those who were adherent to GFD (p = 0.178) or between newly diagnosed patients and those who were not adherent to GFD (p = 0.160). Furthermore, there was no difference in PEDF levels between the patients who were adherent to GFD and those who were not adherent to GFD (p = 0.919). There was no correlation between IgA anti-tTG and autoantibodies and serum levels of PEDF (Table 4) .
Discussion
In this study, we demonstrated for the first time that PEDF levels are significantly higher in CD patients than in controls. We found that PEDF levels were not influenced by adherence to GFD. In addition, PEDF levels were not correlated with IgA anti-tTG or IgG anti-tTG antibodies that are antiangiogenic molecules.
The pathophysiology of CD is complex, and both the adaptive and innate immune system play important roles in addition to genetic and environmental factors. The inflammation observed in the small intestines in advanced stages of CD is a result of these factors. Inflammation also disrupts intestinal permeability, villous atrophy, and other sequelae of CD. Vascular biology including angiogenesis and endothelial dysfunction are not well described in CD. There is limited information regarding the effects of this inflammation on angiogenesis in CD. Previous studies reported diminished angiogenesis in CD, but it is unclear if the diminished angiogenesis is a result or a cause of CD. Recent studies have described the angiogenic properties of several cytokines with pivotal roles in CD. One critical cytokine is IL-18, which promotes Th1 cells Fig. 1 . PEDF levels were significantly higher in patients with CD compared to controls; nevertheless, PEDF levels were not different significantly between patients with CD. and influences the inflammatory response within the small intestine [14] . Park et al. [15] demonstrated that IL-18 is an angiogenic mediator both in vivo and in vitro. IL-15 is another important cytokine that promotes lymphocyte signaling and survival, leading to villous atrophy [16] ; it also promotes angiogenesis in different conditions [17] . However, the angiogenic properties of these cytokines have not been demonstrated in patients with CD. Here, we demonstrated that both newly diagnosed patients and those following GFD had higher levels of PEDF than the healthy controls. This result is consistent with the published literature showing that angiogenesis is diminished in CD. We suggest that PEDF and other as yet unidentified molecules could affect angiogenesis in CD. Diminished angiogenesis is an important process in CD. Even though it is not the trigger event in physiopathology, it can be a result, and also a cause, of both prolonged inflammation and tissue damage in CD. Autoantibodies against tissue transglutaminase 2 (TG2) are a hallmark of the diagnosis and pathophysiology of CD. TG2 is an enzyme within the transglutaminase family and normally localizes to the intracellular space. In CD, TG2 converts glutamine to glutamate, which is an antigenic precursor that stimulates immune reactions. The role of anti-TG2 autoantibodies in CD was unclear until recently. The study by Matysiak-Budnik et al. [18] showed that autoantibodies increase the permeability of the intestine to glutamine. Additionally, large quantities of anti-tTG2 predict the severity of pathologic stages. We know that anti-TG2 antibodies inhibit angiogenesis [8, 19] . Although antiapoptotic properties of anti-tTG2 antibodies were demonstrated, we do not understand the relationship between anti-tTG2 antibodies and proangiogenic and antiangiogenic molecules. In this study, we evaluated the relationship between tTG2 and PEDF and found there was no correlation between PEDF and autoantibodies.
Our study has several limitations. Although determining the levels of PEDF can suggest a potential role for PEDF in CD, immunohistochemical staining or PCRbased studies will provide more information on the role of PEDF in CD. Although we concluded that determination of tTG is enough to identify our study groups, some patients with the normal range of tTG may have persistent inflammatory changes in the affected segment/s of the intestine. Thus, some CD patients on GFD group and normal tTG may not have a histological response. This knowledge can explain the slight elevation of PEDF in CD patients on GFD compared to CD patients who are not on GFD. The available literature on PEDF indicates that certain conditions can affect the serum levels of PEDF. Renal insufficiency is one regulator of serum levels of PEDF, but others are not known. Another limitation of this study is the limited number of patients. Additional studies with larger patient cohorts are needed to determine the molecules that potentially influence angiogenesis. Nevertheless, it is clear that angiogenesis is impaired in CD; future studies will elucidate the steps in this process.
Conclusion
Our study shows that individuals newly diagnosed with CD as well as those on GFD have higher levels of PEDF as compared to healthy controls. PEDF may contribute to the pathophysiology of CD by diminishing angiogenesis.
